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Within the ground roles as previously stated, three types of vehicles were 
designed; ftmtaterwaw fueled, end Liquid Hydrogen fueled. The results 

are sheen on this chart. All gross Heights are at start of cruise. 
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The Pentahorsne fueled vehicle is the next lightest, With JP the heaviest, 
however, there** only approximately 3000 pound difference from lightest to 
heaviest. Off-hand this seems a cheap price to pay for the reduced haxards 
and complexity of the 4P fueled vehicle. 
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•QxXm particular mminr, i* for the Pentaborane fueled reticle, however 
it Is typical for the Pentaborane, Sydrogen, and 4P fueled type of vahicle, 
»ita» the exception of cruise altitude. 

5he JP reticle, shown on the last chert, will cruise at an average 
altitude of 92^800 «. instead of the 105,000 ft. riujea tor the ,W* 
vehicle oo the chart. \ 

etiVa alasi an profile 'sham the launch tram a carrier aircraft (such as 
B-52) vith rocket boost to altitude and speed- Other types of booet 

vlll he diecussad later. 
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tft«r considerable study of various l au nching aethoda, It n> concluded 
that one of the cost promlain « was a take-off end fly-up launch using a jett- 
leonable turbojet boorter-ped. Such a booster pod Bight HtiliM a J-58 englns 
end would incorporate fuel tanks and a landing gear adequate to both take-off 
i«i>i the vehicle booster comblnat Ion . Bxe booster wold probably only be 
Jettisoned on actual military objective flights, and two systems should be con- 
sidered; recoverable booster pod (parachute), and expendable booster pod. 


Thera aaa not sufficient funds to make a ccsglete study of this type of 
txfcst, however this chart indicates a very preliminary check into the possible 
performance of such s systea. It does indicate that there is a good possibility 
of scecjs^liAing such s boost system. 


It does indicate that a 10,000 pound vehicle could be boosted to approx- 
imately 90,000 ft. at M2.92, after a normal take-off add fly-up. This altitude 
and spaed is sufficient for ramjet lite-off for cruise. 

Ccnvair believes that this type of launch combined with the JP fueled 
vehicle, would produce the most simple, inexpensive, type of reconnaissance 
system. 


It must be admitted, that further study is required before the practic- 
ability of such a launch system is with out question. 
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FOREWORD 


This report describes ths Inflatable and Rigid Higi Altitude 
(approximately 132,000 ft.) configurations of the Project Hazel 
studies performed by the Convair San Diego Division of the General 
Dynasties Corporation. »iia report represents Convair’ s fulfillment 
of Item X of the publication obligation specified in Contract HOas- 
58-812 (8S-100), Amendment #3, issued 23 December 1958 by the Bureau 
of Aeronautics. 
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8TIWP3IS 


fills r ep o rt Is s continuation of the "Ki$i Altitude" Basel studies 
reported in ZP-252 "Project Basel 5ummary" , ZP-25 3 "Aircraft Design", 
ZA-282 "AerodynBari.es” , and ZJ-026 "Propulsion, Structure Heating and 
Pressurlsatlon" . Three min Objectives ere covered! 1. Launch Study, 

2. All Metal Airframe Design and 3- T**t Model Wing Design. 

The launch study examines the launch requirements to allow de- 
sign for only the cruise or post cruise maneuver airloads. The 
launching method chosen utilises an airplane such as a B-36 or B-52 
for the Initial boost and a too stage rocket for the secondary boost. 

The all metal airframe assumes an all magnesium construction of 
Integrally stiffened panel# and multi spar vlng. The metal airframe 
is slightly larger and heavier than the non -metallic airframe, but would 
require less of a development program and would give improved main- 
tenance . 

file test model wing design is based on all metal construction and 
Is designed to be c«npai«.ble with a similar non -metallic wing being 
built by Goodyear Aircraft Corporation. 
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INTRODUCTION 


l 

This report is a continuation of the "Higi Altitude" Hazel studies 
reported in ZP-252 "Project Hazel Summary”, ZP-253 "Aircraft Design” 
ZA-282 ” Aerodynamic a" . and ZJ-026 "Propulsion , Structure Heating and 
Pressurization" , October 1958 by Convair , San Diego, A Division of 
Qenezttl Dynamics under the same contract, Amendment #3, 23 December 
1958, NOas 58-812 (SS-100) of 14 August 1958. It consists of three 
general areas of study, I. Launch Study, II. All Metal Airframe Design, 
and HI. Test Model Wing. Section I describes the launch method re- 
quired to put the basic MC-10 vehicle at its design start of cruise 
position and velocity without exceeding structural limitations. Section 
II describes design of an extremely light all-metal vehicle to accom- 
plish the same mission as the MI-10 configuration of ZP-253* Section 
HI gives the design details of an all-metal test model wing to com- 
pare with the pressure stabilized non-metallic test model wing, being 
built by Goodyear Aircraft Corporation. Appendix A is an evaluation of 
a phase of the launch method proposed. 

Report ZP-253 established the basic mission and design requlre- 
ments for the "Hazel" vehicle. The high altitude cruise demanded ex- 
tremely llgvt wing loading. The requirement for a non-metallic air- 
frame dictated a pressure stabilized fiberglass fabric airframe. The 
long range cruise requirement yielded vehicles of considerable size 
to obtain the low wing loading. With these considerations, airframe 
structure weight is a crucial factor in the design. The MC-10 con- 
figuration of ZP-253 is based on a restricted launch to allow design 
only for cruise maneuver requirements or post cruise glide gusts. 

All the requirements and assumptions of ZP-253 *pply, except for 
the non-metallic airframe requirement, for the all metal wing. The 
MC-30 all-metal configuration is, of necessity, a highly refined type 
of metal construction, with structural requirements quite different 
from a conventional fighter or bomber aircraft. 

The model wing design is a test component representative of the 
MC-30 construction. The size and support arrangement of the model were 
recommended by the customer. 
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SECTION I 

LAUNCH STUDY 


Report ZP-253 (Section I, Item D & Section IV, Item 4, Subsection 
A) discusses the launching methods originally studied for the Hazel 
vehicles, namely: 

1. Rocket launch, sea level to start of cruise. 

2. Balloon primary launch to 80,000 feet, secondary rocket boost 
to start of cruise. 

3. Primary launch (carry-up) vith conventional aircraft to 45,000 
feet, launch vith rocket boost to start of cruise. 

4. Air breathing special design primary launch to 80,000 feet, 
secondary rocket boost to start of cruise. 

/Each of these methods has been considered for the MC-10 configura- 
tion and all except method 3 have been eliminated. 

Method 1 IS Impractical for the range and altitude requirements 
of the mission because of the increased airframe structure weight. This 
increase is due primarily to two factors: First, a gross weight increase 
caused by the higher mass ratio required for ground launch. Second, 
the inherently higher dynamic pressures oc curing in the region of naxi- 
arug wind end gust velocities. This weight increase nullifies the possi- 
bility of obtaining any cruise range of consequence, because the light 
cruise wing loading requirements call for wing areas such that the airframe 
structure weight growth factor is divergent. 

Method 2, the balloon primary assist, has been assumed to be im- 
practical both from a reliability and tactical standpoint, though it 
might be useful in a teat program. 

Method 4, the special design airbreathing booeter, has not been con- 
sidered further by direction of the customer. 

Launch method 3 has been studied in enough detail to define the major 
requirements of launching the M3 -10 configuration by this means. (MC-10 
configuration shown on Figure l). 
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** jhe primary or aircraft boost phase of the launch poses a problem 

Similar to that discussed for the sea level rocket launch (Method l). 

®is large ving area of the cruise vehicle, in caa Junction vith the 
relatively heavy ving loading response of the booster aircraft combination, 
f can produce ving gust airloads greater than either the start of cruise 

maneuver airloads (vith temperature losses) or the glide airloadsafter 
cruise. Rudimentary checks of convective gust velocities of 50/75“ 
f.p.s. below 25,000 feet altitude (Ref. Page 76 of ZP-253) indicate 
speed restrictions below the minimum flying speed of a B -36 or B-52 
type aircraft would be required in order to limit gust airloads to 
equal the start of cruise or post cruise design loads. 

Figures 2, 3, ^ & 5 illustrate the method studied to permit air- 
craft boost without cruise vehicle airframe penalty beyond cruise re- 
quirements. The entire vehicle ving is in contact vith the upper 
surface of a support platform. The platform is made structurally ade- 
quate to support itself and the attached vehicle and any applied air- 
loads. The vehicle la attached to the support platform by locating pins 
and a pressure differential maintained between the ving lower surface 
and platform upper surface. The platform upper surface is envisioned 
' as a sandwich panel vith a perforated upper skin and honeycomb core 
mani folded to a vacuum pump. A suitable seal would be used around 
the perimeter -to prevent excessive l ea ka ge ♦ 

1 The airloads applied to the vehicle ving would be reacted directly 

I from the ving upper surface, thru the ving sub structure, to the plat- 
form panel, and then thru the platform substructure to the booster air- 
craft. This relieves the vehicle ving structure of the shears and 
bending moments imposed by the airloads. 

Just prior to separation the booster aircraft will be slowed to 
near minimum speed. The separation for the secondary rocket launch 
would be accomplished by the simultaneous pressure release of the 
vehicle as booster thrust buildup occurs . The guide pins would help 
maintain proper vehicle relationship to the carrier aircraft during 
initial separation. The swiveling first stags rocket motors are 
positioned to lift the M2-10 vehicle away from the carrier aircraft 
with enough forward thrust component to nullify drag and give a small 
horizontal acceleration away from the carrier vertical tail surface. 

Preliminary checks have indicated that for a structure design pre- 
dicated on the cruise and post cruise requirements only, the allowable 
load factor at separation would be .97 0 limit. With a zero lift 
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launch, the only expected wing airloads would be gust airloads. To 
insure the structure against gust airload overloading, the vehicle 
true airspeed would have to be limited such that conservative gust 
criteria would not produce airloads beyond limit design. Figure 7 is 
a plot of the expected limits based on the gust velocity criteria of 
Page 76 in Report ZP-253- 

It should be noted that Figure 7 indicates a first stage trajectory 
j outside the gust limits in a small area. It has been assumed that this 

I discrepancy can be removed by further launch trajectory investigation. 

The trajectory shown is a typical performance based on first approxima- 
tions, with time not permitting further study. 

The initial separation is assumed to be made at U 5 ,000 feet and 
at a true airspeed of 200 knots (dynamic pressure of 30 P*f ) • A* the 
first stage thrust vector program rotates the vehicle and begins the 
climb and acceleration, the speed increase is offset by a reducing 
gross weight and air density in addition to a lowering of gust veloci- 
ties to a point where at 75,000 feet, gust airloads are no longer of 
any importance. As Illustrated in Figure 7, during the second stage of 
the rocket launch, the magnitude of the possible gust load has diminished 
to a point where aerodynamic trajectory control is used, permitting a non- 
gimballed second stage. 

The secondary portion of the vehicle boost is also difficult to do 
without penalty beyona the cruise and landing requirements. The large 
gross weight resulting from the booster package weight in addition to 
full cruise fuel weight severely limits the airload capability of the veil i - 
cle after separation from the booster aircraft. The gross weight re- 
quirements are particularly penalyzing to the cruise veil cle because of 
the lack of inertia relief in the wings, since both the booster package 
and cruise fuel are of necessity at or in the body. 

Investigation of a conventional aerodynamic launch from the booster 
aircraft in which the cruise vehicle flies away from the booster air- 
and then performs a p ull up maneuver for initiation of the rocket boost 
has indicated this method to be impossible within the ground rules of 
altitude and range. Appendix A discusses the effect of the weight 
growth resulting from the 20 pullup waneuver in the presence of gustB at 
separation. Tie MC-10 non. rigid vehicle could never fulfill the range 
requirements if designed for this criteria. (See Figure 18). 

Figure 6 is an approximation of the optimum structural system for 
least weight versus design load (gross weight and load factor) and wing 
area. When the design requirements plot significantly into one systems 
area, large wei$it differences occur if the opposite system is considered. 
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This is what happens to the 1C -10 configuration when designed for the 
aerodynamic launch. The design loading and wing area makes the pres- 
sure stabilized approach a penalty. 

The secondary launch considered is a two stage rocket powered 
boost. The first stage is a zero lift ballistic trajectory using pro- 
grammed thrust vectoring for lift and inertial attitude control as well 
sis propulsion. 

As the vehicle approaches cruise speed and altitude, it begins to 
be aerodynamically heated. When it reaches final staging, the vehicle 
is capable of a maneuver load factor of +1.5 G limit, with increasing 
capability as cruise fuel is burned. This capability (1.50 at start 

and 2.1G at end) allows maneuvering as desired during cruise at tempera- 
ture. 

To summarize, the launching system requires a tnree stage boost 
from ground to start of cruise. The primary portion is an aircraft 
boost from the ground to 1+5,000 feet, using a modified existing air- 
craft with a special platform support. Th« second phase is a two 
stage rocket launch, first stage a zero lift gimbaled rocket boost to 
63,000 feet, and a final rocket boost with lift to start of cruise. All 
other methods considered have been ruled out either by practical consi- 
derations or the physical limitations imposed by the design and mission 
requirements . 


SECRET 


Approved For Release 201 1/01/1 1 : CIA-RDP89B00709R000400800005-2 




ANALYSIS 
PREPARED BY 
CHECKED BY 
REVISED BY 


Approved For Release 2011/01/11 : CIA-RDP89B00709R000400800005-2 

CONVAIR 


A Division of Gcneral Dynamics Corporation 
(San Diego) 


PAGE 14 

REPORT NO SP-266 
MODEL 

date March 1959 


SECRET 


SECTION II 
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SECTION n 


» 

ALL METAL AgjTRMjg CONFIGURATION 


The initial vehicle studies made in Report ZP-253, were based on a 
primary requirement for a non -metallic airframe. The outgrowth of this 
basic restriction was the concept of a non rigid, pressure stabilised im- 
pregnated fiberglass ring structure in combination with a conventional rigid 
reinforced plastic body and pylon which is the HC-10 configuration as shown 
in Figure 1. The pressure stabilizing was utilized in conjunction with the 
non rigid airframe concept to accomplish two major goals: First, for 
minimal airframe requirements , non rigid construction offers the lightest 
producibility limits. Secondly, to save weight, a reduced factor of 
safety was proposed on the premise of the non destructive load limiting 
ability of the non rigid, pressure stabilized structure . 

In this re-evaluation, the non -metallic requirement is removed, which 
allows the consideration of high efficiency metal construction. The same 
structural design criteria, as summarized in Table I is assumed to apply 
along with the original overall mission requirements. However, since the 
metal construction considered is "conventional” rigid structure, the 
normal factor of safety for manned aircraft of 1.50 for ultimate loads is 
used in the MC -30 rigid metal configuration along with the normal struc- 
ture design requirements, as outlined in MH-A -8629 "Airplane Strength and 
Rigidity", where applicable. 

Figure 8 shows the 1C -30 configuration. Tills configuration is identi- 
cal to the MC-10 configuration except for a size increase proportional to 
the vehicle weight difference. The basic geometrical relationships, ar- 
rangements, and crossections are held. Table 2 is a comparative weight 
breakdown for tbs two configurations. 

The major airframe component of the MC-30 vehicle is the wing struc- 
ture. The body structure as such is the center portion of the wing and 
the engine support pylon. All fuel, equipment , payload and crew are 
placed in this "body" pylon area, thus placing almost 85 $ of the vehicle 
nasi) along the vehicle centerline or wing root section. The body-pylon 
structure Is assumed to be primarily composed of the wing root section 
and two main ribs providing longitudinal stiffness and torsional continuity 
for unsymmetrical wing loads. 
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The basic wing structure is assumed to be & full cantilever, multi- 
apar, isotropically stiffened panel arrangement, with attached vertical 
fine of the same construction. The flying wing tip control surfaces are 
multi-rib, isotropically stiffened panel structures with a single spar 
boat terminating in a pivot shaft. This pivot shaft is supported on two 
bearings in a chordwise torque box at the fin attachment in the wing which 
redistributes both the fin bending moments and the wing tip bending 
moments to the wing skins. (See Figure 8). 

Multi -spar, stiffened panel wing and fin construction was selected 
for several reasons: First, the aircraft arrangement permits full spar 
and per>«i carry thru except at the crew compartment. Secondly, the delta 
planform geometric advantage is used most efficiently with all wing bend- 
ing loads carried in the wing skins operating to the plate buckling allow- 
able of an infinite length panel, rather than buckling skins with a few 
heavy stabilized spars. Also, aerolastic advantages exist with the 
stiffened panel multi-spar arrangements, particularly i n relatively 
ligrtly loaded, large delta wings. Classic flutter problems, although 
not necessarily a problem in high sweep delta wings, are virtually elimin- 
ated by the stiffness, both in bending and torsion, that results from the 
stiffened p »™»T skins. Panel flutter problems, which become increasingly 
important with large area lightly loaded wings, are also eliminated with 
the panels stiffened to resist bending loads. Thermal stresses, where 
high heat flux densities are anticipated, can be a problem with stiffened 
panels unless adequate relief is provided in the sub structure. Fatigue 
problems are reduced in the multi-spar, stiffened panel by the general 
lowering of the operating stress levsls. Also, the reliability, where 
fatigue or other local failures migit occur, is greatly enhanced with the 
high degree of redundancy present ? in the structure. Smoothness of wing 
Efclns is also obtained (even to ultimate load) by the stiffened panels, 
which is important for a long range cruise vehicle. 

The basic panel configuration assumed is an integral grid stiffened 
panel with appropriate integral pads for substructure attachment, manu- 
factured by precision chemical etching from ground plate stock to obtain 
tolerance accumulations . Panel splices would be accomplished 
a pan wiae at a spar by butt splicing with a splice plate. Figure 17 of 
the detail is a representation of the full scale components also 

and can be used for illustration. 

(pie primary substructure assumed is closely spaced span-wise spars 
(6.0 in.) and widely spaced ribs (24.0 in.) made from corrugated webs 
with minim um continuity attachment caps. The scalloped leg channel caps 
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provide for the shear connection to the corrugated webs and the panel 
attachment, with all bending loads carried in the panel. Maintenance 
of the extensional flexibility of the substructure components im- 
portant so that panel thermal expansion under high heat inputs will not 
seneiute large panel conapressive stresses or substructure tensile 
stresses . iK S^gated webs and scalloped caps meet this require^nt 
in addition to providing an efficient shear web and panel stabilizing 

support. 

•nhe perimeter structure, i.e., leading edge, trailing edge and tips, 
ia assumed to be of a full sandwich construction to obtain the very 
sharp radii desired for the vehicle cruise performance. Built up struc- 
ture can be utilized if thermal strew problems can not be overcome in 
the sandwich structures. The juncture between the perimeter structure 
and basic airframe would also provide a convenient splice point for re- 
placing damaged perimeter components. Replacability could be of parti- 
cular importance for the leading edge because of tne nigher temperatures 
present there. 

Figure 9 shows equilibrium temperatures in the airframe during cruise. 
The temperature at 10 foot aft of the leading edge is used as the basic 
airframe temperature exposure. The life design temperatures are those 
resulting from normal operation for an assumed 667 full range missions or 
1000 hours at cruise speed and altitude (approximately 1.5 hours /mission;. 
The short time limit is an additional requirement to account for short 
periods of operation off of design speed or altitude vhicn could occur for 
any reason. This has also been arbitrarily assumed as 100 hours based 
on 9 minutes per mission for 667 missions. Figure 10 is an info mat on 
plot of the effects of altitude and speed on the equilibrium temperatures 
of a cruise vehicle, illustrating the off design permissable limits among 
other things. 

The material requirements have been predictated on the usual struc- 
tural criteria of less than . 2 % permanent set at limit load and no fail- 
ure before 1.5 X limit load is applied. The MC-30 requirements pose ad- 
ditional material requirements, however, due to the long exposure to ele- 
vated temperature and the need for adequate strength at normal, temperature 
after the elevated temperature exposure . 

The criteria for the primary airframe is cased or place buckling 

allowable stress if this is lower than either the rupture stress or stress 
that would produce .5$ total deformation in 10X> hours . at 3°5 ? • during 
cruise at 1.25 G* For the launch and post cruise requirements , the plate 
buckling allowable stress is again used as long as it is lower than the 
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allowable stress remaining at normal temperature after exposure to 1000 
hour# at 305®F. and 100 hours at 425 °F. , both at 1 - 2 5 Plate buckling 
aULowables in both cases include the thermal effect on modulus of elasti- 
city. 

The material selection for the 1C -30 airframe is based on the opti- 
mum strength to weight ratio obtainable for this configuration. Figure 
11 is a plot of various material strength to weight ratios predicated on 
the M 2-30 requirements of panel buckling strength or elevated tempera- 
ture criteria. Loading intensity, panel geometry, panel edge fixity and 
panel stiffness ratios are equal for all materials and are those of the 
MC-30 configuration. The web requirements of the spars and ribs have been 
assumed to vary in a manner similar to the panel requirements, since the 
relatively low loading intensities would yield webs designed for shear sta- 
bility. Shear stability is identical to compressive panel stability in 
being a function of modulus of elasticity and material bulk. 

A thorium alloy of magnesium was chosen for the airframe structure 
sheet or plate requirements, HK31A-H24. This is a production alloy and is 
readily formed, welded and riveted. Those parts that would be extruded 
or r" n ‘" h ' ,T10 ^ from bar stock have been assumed to be made from a zinc , 
zirconium alloy of magnesium, ZK6QA-T5, also a production alloy produced 
by the Dow Chemical Company. Agiin, figure 17 of the model wing details 
illustrates full scale details and materials of the MC -30 configuration. 
Figure 12 contains typical mechanical properties data at elevated tempera- 
ture for HK31A-K24. ' 

Figure 13 is an extrapolation from the MC-30 design point in terms 
Of ving size and wing structural loading effects on wing structure weight . 
The basic configuration weight was calculated from a design breakdown of 
the individual static stress analysis area requirements along with the fol- 
lowing simplified assumptions; some of which are conservative and otner 
unconservative : 

1 . Uniform airload distribution with C.P. at 33$ of the semi span 
and 50 $ of the chord. 

2. Neglect wing inertia relief. 

3 . Wing section is a double wedge airfoil with zero radius edges. 

4. Overall wing bending panel requirement is established by tne 
root moment applied uniformly to 2/3 of the root chord at the root average 
depth. 
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5. Ail geometry varies linearly. 

6 . .gam*' material used throughout airframe. 

7 . Optimum spar spacing is 6 inches for 4$ thick wing with isotro- 
pically stiffened panels with a pa n el stiffness ratio of 6 . 

8 . Produc ibility m i nimum are : 


Webs 

Panels 


.016 inches 

.010 inches subpanel thickness 


9 . All fastening is by welding, normal riveting and blind riveting. 

10. Manufacturing cost toleration per unit of weight saving is re- 
latively high. 

11 . Treading edge component is replacable and lias a design life of 
100 hours. 

Figure 14 is an illustration of wing structure unit weight versus 
wing area a nd design load. Several presently operational delta wing 
aircraft are included for comparison of both the large loading differ-^ 
ence and the resulting unit weight disparity. (Example Design Loading: 
F-106 » 4b8#/Ft 2 , IC-30 « 22 #/Ft 2 , unit Weight: F-106 - 7-l#/Ft2, MS- 
30 » 1.3#/Ft2). It should be noted that the UC-30 vehicle and design 
criteria are quite radical when compared to existing aircraft; so much 
so that direct comparison is not valid. 


* Design Loading ■ 


Wn 


KtS 
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BBCTICB III 


TEST MOESL VflSQ 


The design of a teat model wing using the same type of all metal 
construction proposed for the MJ*30 vehicle (Reference Section II of 
this report) is shown In this section. This model is laid out to the 
sane general dimensions as the test specimen being built by Goodyear 
Aircraft Corporation of pressure stabilized noa-metallic construction 
(Reference Goodyear Drawing WtlAfc027). 

A 60 ° delta wing In planfora, the model has a 12 foot root chord, 
which gives a wing ares of 83*10 square feet. A symmetrical "airfoil ' 
section with s maxi mm thickness of located at the two- thirds chord 
Hn» is used. This "airfoil" section does not aerodynamically represent 
the one proposed for the 1C- 30 vehicle; the maximum ordinate on the JC- 
30 wing is located farther forward, and the chord plane is warped. It 
was picked for two reasons: first, to compare structurally to the Good- 
year model the nutyRmai section depth had to be located at the centroid 
of the wing planfor*. Second, to simplify construction, a double arc 
section cut normal to the maximum thickness line was chosen. The sym- 
metrical feature would reduce tooling costs since skin panels could be 
made in two pairs, one right and one left hand. Leading and tra i ling 
edges are of .050 inch diameter with the exception of the nose section. 
In planfoxm, the nose section as well as the vingtips sure trimmed to a 
6 1 *v>h radius (again following the Goodyear layout). At the nose this 
results in a thick leading edge which Is simply rounded off to reduce 
complication. See figure 15 for Illustration of this wing shape. 

A mo un tl n g fitting is located at the point of max im u m thickness 
to allow the metal wing model to fit into the same test set up as for 
the Inflated nan-metallic model. A central beam simulates the center 
section structure of the vehicle. All other components of the model 
wing are made to full scale dimensions and follow the same construction 
methods as for the MC-P vehicle. 

Construction Is of the multiple spar type with integrally stiffen- 
ed ski" panels. The skin panels have a grid pattern of one inch spac- 
ing produced by the chemical etching process. Spars and ribs are made 
up of thin corrugated webs with cap channels, attached by spotwelding, 
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forming the rails* Tbs spears are spaced at 6 Inch intervals, the riba 
located 20 Inches apart. satin panels have a thickened pad to match all 
spar and rib rails (part of the chant cal mil l in g process) and are 
attached by countersunk rivets. Blind explosive rivets are used for 
tbs closing side. Leading and trailing edges, as veil as vlngtlps end 
nose sections, are full sandvlch structure* with plain skins and a 
rigid polyurethane core foamed in place through the closing channels. 
These components than attach to the basic structure aa replaceable parts, 
although they are riveted at this splice. 

All metal used in tbs model ving is magnesium except the mounting 
fitting and the fasteners. Sheet and plate parts are HK31A-R24, parts 
machined frets bar stock in lieu of extrusions, are TXSOk-Tj. 

Figure 1 6 is the general structural arrangement and Figure 17 in* 
eludes all typical details of construction. 

The T*g fitting attachment and center beam have been nominally 

designed for a test loading of 20 lbs./sq. ft. applied uniformly to the 
model ving vlth a single reaction at the mounting fitting, assumed ap- 
plied vith the model at P5° F. 

Table 3 le a comparative stannary of the calculated model ving 
Hei ght s and the estimated ving weight of the MC- 30 vehicle . It should 
be noted that the 83 sq. ft. model ving has significantly higher pro- 
portions of perimeter structure end minimum depths which yield unit 
weights greater then a 2,000 sq. ft. surface. 
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SUMMARY 


X, Launch Study 


Tactical and development problems restrict launching method con- 
siderations to the aircraft and rocket boost combination. The mission 
re quir ements of the vehicle also deman d unique launching methods to 
Yield reasonable vehicle size and structure weights. The primary (by 
aircraft) launch stage must provide gust load protection for the vehicle. 
The secondary 1 aunch will consist of two rocket boost stages. The in- 
itial rocket boost stage must be of the zero lift launch type to avoid^ 
gust load problems, using ga mb oll i ng rocket motors for attitude control. 
The f inal rocket boost stage is in a region where aerodynamic trajectory 
control can be used. This launch method was examined only sufficiently 
to establish its feasibility. 

U. All Metal Airframe Configuration 


An all metal configuration, 10-30, waa designed using the identical 
reauirementa of the MO 10 nan-metallic vehicle. The MO 30 is an all 
magnesium airframe of chemically etched integrally stiffened panels on 
a m ult i- SPAT substructure of corrugated webs, welded and riveted. The 
metal airframe is heavier than the noa-metallic airframe. The major 
portion of this weight difference Is due to a difference in factor of 
safety (1.15 non rigid, 1.50 for “rigid" metal), and the growth factor 
to n+jii n a given wing load i ng. 


Weight at Start of Cruise 
Booster Weight 
Weight at Air Launch 
Wing Area 
Wing Span 

Average Cruise Altitude 



MS-10 

MC-30 

Lb. 

13,800 

17,500 

Lb. 

16,725 

21,200 

Lb. 

30,525 

38,700 

Sq. Ft. 

1,985 

2,520 

Ft. 

67.71 

76.29 

Ft. 

131 , 14-00 

131,1*00 


Tbe met al r fr am e is structurally mors desirable than the non- 
metallic, non rigid vehicle. The metal, rigid vehicle offers no 
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naterl&l ooostniction development probliss of consequence , penlti 
easier Manufacture and maintenance, higher structural reliability, 
greater growth or modification potential and probably loner coat. A 
mall reduction in operating altitude with a consequent increase in 
wing loading would tend to reduce the weight disadvantage* 

m* Model Wing 

A model wing design of MC-30 metal construction was made to can- 
pare with the Ooodye&r Aircraft Company non-metallic wing. The details 
worked out for the model are typical of the design of the full scale 
MC-30 vehicle. 

Study of the possible uses of such a modal design show it as being 
useful for detail design study, fabrication study and detail weight 
estimation to verify the configuration. Also, cooperative testing of 
such models of different types of construction would yield useful 
engineering data. A theoretical analysis and load deflection determina- 
tion was considered impractical within the limits of this present pro- 
gram. 

IT. System Requirements 

The system requirements used are within the present capability of 
the air craft industry, the use of non-metallic materials would demand 
more development in areas of presently limited activity, while the 
metal air fra me makes only moderate demands of existing materials and 
methods. 

Preliminary studies indicate that the 132,000 foot cruiee altitude 
is the primary factor responsible for the unconventional systems and 
airframe proposed. In ZP-267 "Low Altitude Basel Studies", a prelimin- 
ary study 1 s Made of a configuration for a cruiee altitude of approxi- 
mately 90,000 ft. and a 4,000 nautical miles range in which it is shown 
that more conventional systems and airframe construction can be used. 
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EFFECTS QF LOAD FACTOR AMD MATERIALS 
OB WEIGHTS OF All MC-10 TYPE VEHICLE 

t 


SUMMARY 

Th» effect of substituting rigid aetal construction for the non- 
me talli c, inflatable MC-10 is to increase start- of- cruise weight from 
13,800 lbs. to 17,500 lbs. for a range of 3,200 nautical miles. This 
is s how n in Figure 18. For either construction the design load factors 
assumed during ipunph and boost result from gusts only. 

<fH» effect of assuming a two-g pullup at launch, together with 
gust loads, is to increase structural weight of either the aetal or 
inflatable vehicle such that the MC-10 cruise range cannot be attained 
within a reasonable size limit. The increased design load factor causes 
a much greater range loss for the inflatable vehicle than for the metal 
vehicle. These effects are also shown in Figure 18. 


IMTRQLUCTIOB 

A brief study was made to estimate the effects of design load 
factor and/or construction materials on the start-of-cruise weight of 
an MC-10 type vehicle. 

DISCUB510B 

In studying the effects of design load factor and/or construction 
materials, it was assumed that the basic MC-10 parameters were held 
constant, i.e., 

1. Altitude at start of cruise - 125,000 ft. 

2. Cruise at constant Mach number • 3*° 

3 . Wing l oading at start of cruise » 6.95 lbs./sq. ft. 
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t 

h. Lift- to- drag ratios unchanged by increasing size. 

5 . Specific fuel consumption unchanged by increasing size. 

6. Cruise mass ratio required for 3*200 nautical miles range 
unchang ed (start cruise to empty weight is constant). 

7. Total range of 3,200 nautical Biles required. 


These assumptions are valid except that li ft- to- dreg ratio will 
actually increase slightly with vehicle size. The L/D Increase would 
result fran relatively smaller pilots canopy, relatively thinner wing 
leading edges and increase in Reynolds number. 

The calculation procedure used was to assume a start- of- cruise 
weight, and for this weight compute the required wing, tail, and engine 
sizes and weights, fixed weights were added, and then, fuel and tank- 
age to equal the assumed total. The resulting mass ratio was then used 
to compute the range. This procedure was repeated until the relation- 
ship between weight and range were clearly shown. 

fhg effect of replacing the inflatable , non-metalllc structure of 
the MS-10 with rigid magnesium compression design structure is to in- 
crease the start-of- cruise weight from 13*800 lbs. to 17,500 lbs. The 
range calculation results are shown in Figure 18 . 

The MS-10 was designed for maneuvers at cruise weight only. When 
loaded to launch weight the MC-10 structure is capable of withstanding 
a 0.97 g load factor. This load factor is considered to result entirely 
fran gust l oading s and the allowable maneuvering load factor is zero. 

Tly effect of increasing the MC-10 launch design load factor by two 
g' a, with non-aetallic Inflatable structure, is to decrease the maximum 
possible mass ratio. Thus this vehicle can never carry enough fuel to 
attain the MC-10 range of 3,200 nautical miles. This result is shown in 
Figure 18 where the range is always less then 3*200 nautical miles for 
any assisted weight and is shown decreasing rapidly with increasing size. 
MaTHTmwn attainable range is approximately 1,400 nautical miles. 
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effect of Increasing the HD-10 l a un ch design load factor by 
two g's, together with a change to rigid magnesium caB$>ression structure, 
is again to decrease the marl no gn possible mass ratio. This result is 
also shown in Figure 18 where the rang# is increasing with increasing 
weight but the total weight becomes excessive without attaining the 
required 3,200 nautical miles. The range of the metal vehicle, while 
less than the 3,200 nautical miles range of the basic IE-10, is much 
greater than for the non-rigid vehicle when each Is designed to 2 g’s 
plus gust loads at laun c h . 
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